Polymorphic variants in several molecules involved in the glomerular function and drug metabolism have been implicated in the pathophysiology of pediatric idiopathic nephrotic syndrome (INS), but the results remain inconsistent. We analyzed the association of eleven allelic variants in eight genes (angiopoietin-like 4 (ANGPTL4), glypican 5 (GPC5), , macrophage migration inhibitory factor (MIF), neural nitric oxide synthetase (nNOS), multidrug resistance-1 (MDR1), glucocorticoid-induced transcript-1 (GLCCI1), and nuclear receptor subfamily-3 (NR3C1)) in 100 INS patients followed up till adulthood. We genotyped variants using PCR and direct sequencing and evaluated estimated haplotypes of MDR1 variants. The analysis revealed few differences in SNP genotype frequencies between patients and controls, or in clinical parameters among the patients. Genotype distribution of MDR1 SNPs rs1236, rs2677, and rs3435 showed significant ( < 0.05) association with different medication regimes (glucocorticoids only versus glucocorticoids plus additional immunosuppressives). Some marginal association was detected between ANGPTL4, GPC5, GLCCI1, and NR3C1 variants and different medication regimes, number of relapses, and age of onset. Conclusion. While MDR1 variant genotype distribution associated with different medication regimes, the other analyzed gene variants showed only little or marginal clinical relevance in INS.
Introduction
Childhood-onset idiopathic nephrotic syndrome (INS) is a common kidney disease in children. It is characterized by minimal glomerular changes in light microscopy and podocyte foot process effacement in electron microscopy. The great majority (80-90%) of INS patients show good responsiveness to steroid treatment, but recurrent episodes occur in at least 70% of the patients. Development of renal failure occurs rarely.
The pathophysiology of INS is still unknown. During the past few years, polymorphic variants of several molecules involved in the glomerular function have been analyzed in INS patients and animal models of proteinuria to discover genetic components that would participate in the development of disease or modify its phenotype. These include angiopoietin-like 4 (Angptl4), glycoprotein, which is upregulated in rats with steroid sensitive proteinuria [1, 2] , interleukin-13 (IL-13), a cytokine that alters podocyte function and is reported to be upregulated in patients with active INS [3, 4] , macrophage migration inhibitory factor (MIF), a proinflammatory cytokine and counter regulator of the immunosuppressive effects of glucocorticoids [5, 6] , glypican-5 gene (GPC5), which encodes a podocyte cell surface proteoglycan whose variants are associated with a podocyte injury and proteinuria [7] , and neural nitric oxide synthetase (nNOS) that plays a role in glomerular hyperpermeability [8] .
In addition to the five functional molecules, there are reports on the association of INS with polymorphic variants of molecules involved in the glucocorticoid metabolism. These include multidrug resistance-1 gene (MDR1) encoding P-glycoprotein-170 (P-gp), which transports steroids across the cell membranes [9] [10] [11] [12] , nuclear receptor subfamily-3 gene (NR3C1) that encodes cytosolic glucocorticoid receptor (GR) [13, 14] , and glucocorticoid-induced transcript 1 gene 2 International Journal of Nephrology (GLCCI1) that encodes Glcci1 protein that associated with glucocorticoid (GC) responsiveness and development of proteinuria in animal models [15, 16] .
In this study, we genotyped eleven single nucleotide polymorphisms (SNPs) from the above mentioned eight genes from DNA samples obtained from a unique cohort of INS patients followed up over 30 years. The results show that the variants in the genes coding for functional kidney proteins have little clinical relevance in INS while variants in genes involved in glucocorticoid metabolism show marginal association with INS. The genotype distribution of MDR1 SNPs shows significant association with medication regime as the minor alleles of the SNPs are more frequent in patients who receive immunosuppressive medication in addition to glucocorticoids.
Materials and Methods

Patients.
The study cohort included 100 INS patients of whom 83 were diagnosed within 1965-1981 at the Hospital for Children and Adolescents, University of Helsinki. These 83 patients were enrolled in the International Study of Kidney Disease in Children (ISKDC) and were treated by protocols still used in pediatric nephrology. The mean age at the last follow-up was 35.0 years (range 25.1-44.1 years). Clinical data were carefully recorded from the patient records as was previously reported in detail [17] . The remaining 17 patients were diagnosed more recently at the Hospital for Children and Adolescents, University of Helsinki, and were still children or adolescents; of them SNP genotypes were used in statistical comparison between INS patients and controls. A blood sample for DNA extraction was gathered from all.
The controls included a cohort of 101 subjects who were either healthy adults or suffered from nonkidney related condition.
SNPs and PCR Analysis.
We selected eleven SNPs from eight genes to this study based on previous reports in literature on their association with INS. The genes and SNPs were Angptl4 SNP rs1044250 (c.797C>T), GPC5 SNP rs16946160 (c.325+102637G>A), IL-13 SNP rs848 (c.
, and rs37973 (c.-1106A>G) and NR3C1 rs41423247 (c.1184+646G>C). Analysis was carried out using direct sequencing. Exons were amplified by PCR with flanking intronic primers, and the reactions were performed in total volumes of 25 L as previously described [18] . Occasionally, the denaturation temperature was raised up to 98 ∘ C, or betaine was added to the reaction mixture. PCR products were genotyped using automated sequence analysis by BigDye-terminator chemistry (v.3.1) on Genetic Analyzer 3730 (Applied Biosystems). The sequences were analyzed with GeneComposer version 1.1.0.1051 (http://www .GeneComposer.com/). The genotypes were compared between patients and controls and among various clinical variables that include age of onset (<3 yr versus >3 yr), number of relapses (<5 versus >5), frequent relapses (no versus yes), response to GC (normal versus slow/no response), treatment (only GC versus GC together with immunosuppressive (IS) drugs), and GC dependence (no versus yes).
The genotypes of the three MDR1 variants (rs1236, rs2677, and rs3435) were used to carry out a haplotype analysis. Twelve haplotypes were derived from the genotype data using the program PHASE (v2.1) [19, 20] . The estimated MDR1 haplotype frequencies were compared between patients and controls and among various clinical variables.
All primers are presented in Table 1 . Most of the primer sequences are gathered from literature: Angptl4 rs1044250 [21] , IL-13 rs848 [4] , MIF rs755622 [22] , nNOS rs2682826 [8] , MDR1 rs1128503, rs2032582, rs1045642 [9] , and NR3C1 rs41423247 [23] . Primers for GLCC11 (NM 138426), rs37972 and rs37973, and GPC5 (NM 004466) rs16946160 were designed using primer3 program (http://www.ncbi.nlm.nih .gov/tools/primer-blast/). 
Ethics.
All patients or their parents were informed of the content of the study and they signed a form of consent. The Ethics Committee of the Children's Hospital, University of Helsinki, approved the study (IRB: HUS509/E7/05).
Results
Eleven SNPs from eight genes encoding proteins related to kidney function and steroid metabolism (Angptl4, GPC5, MIF, nNOS, IL-13, MDR1, and NR3C1 GLCCl1) were analyzed from 100 INS patients. The distribution of observed genotypes was consistent with those expected under the assumptions of the Hardy-Weinberg Equilibrium ( ≥ 0.05) ( Table 2) .
Comparison of the frequencies of the 11 SNPs between INS patients and controls was made and is presented in Table 3 . No association between variants and disease status was observed except in rs848 variant in IL-13 gene, where heterozygotic genotype showed difference in frequency between patients and controls (53% versus 38%, OR 2.025, CI 1.095-3.785, and = 0.0243).
Comparison of the SNP genotype frequencies among INS patients with various clinical parameters is presented in Tables 4 and 5 . These variables included age of onset (<3 yr versus >3 yr), number of relapses (<5 versus >5), frequent relapses (no versus yes), response to GC (normal versus slow/no response), treatment (only GC versus GC together with immunosuppressive (IS) drugs), and GC dependence (no versus yes).
Few clinically relevant correlations were found in relation to the SNPs in genes IL13, MIF, and nNOS. Angptl4 SNP rs1044250 allele C was more frequent in patients who received IS medication in addition to GCs compared to those who only received GCs (72 versus 56%, = 0.0228). In GPC5, SNP rs16946160 A allele was more frequent in patients with disease onset less than three years of age than in those with disease onset more than three years of age (16 versus 5%, = 0.0421).
The genotype distribution in MDR1 SNPs showed difference in patients who received only GCs compared to those who also received IS medication as allele T frequency was higher in the latter group in rs1128503 (70.6 versus 28.6%, = 0.0012), in rs2032582 (67.9 versus 42.9%, = 0.0028) and in rs1045642 (73.1 versus, 52.4%, = 0.0092). Similarly, in GLCCI1 SNP rs37973 A allele was more frequent in patients who received IS medication (67 versus 50%, = 0.0387). Patients with more than five relapses also had GLCCI1 SNP rs37973 A allele more frequently than those with fewer relapses (70 versus 52%, = 0.0377). A curious finding was that NR3C1 SNP rs41423247 heterozygous GC genotype was more frequent in patients with more than five relapses (68 versus 32.7%) and in patients with frequent relapses (60 versus 34%).
Haplotype analysis of the three MDR1 variants (rs1236, rs2677, and rs3435) revealed twelve estimated haplotypes among cases and controls. These data are presented in Table 6 . Curiously, the patient samples were less varied, as the allele frequency of the two most common haplotypes, TTT and CGC, was 70% (42.2 and 27.5%, resp.) while in the control samples it took the four most common haplotypes, TTT, CGC, CTT, and TGT, to achieve the same (23.4, 18.6, 15.6 and 12.6%, resp.). Most of the haplotypes had < 0.05. The distribution of the allele frequencies of the haplotypes among clinical variables showed no significant difference between groups with the exception of the comparison between patients with less than five relapses and patients with more than five relapses, as is seen in Table 6 . In other variants, only TTT and CGC haplotypes had allele frequency higher than 10% in any of the variables and the combined allele frequency of these two varied between 71 and 86.7%.
Discussion
The discovery of causative or disease modifying genetic factors underlying INS is of great interest and could have a profound clinical impact. In this study, we genotyped eleven SNPs from eight genes that had previously been studied in relation to INS and proteinuric animal models. We compared the SNP frequencies in INS patients and controls as well as in the subgroups of INS patients. Very little alteration was detected in the distribution of SNPs between patients and controls, and only marginal differences were observed among the INS subgroups in the Angptl4, GPC5, MDR1, and NR3C1 genes. An exception is the genotype distribution of MDR1 SNPs in patients who receive GC medication and those who also receive IS as the T alleles are more frequent in the latter group. Summation of the findings of this study and a comparison to other recent studies can be found in Table 7 .
Angptl4 is a secretory protein involved in lipid metabolism and its increased expression has been observed in podocytes and circulation in human and experimental INS [24, 25] . The genetic variant SNP rs1044250 in exon 6 leads to amino acid change p.T266M and the homozygous C genotype of this variant has been associated with lower plasma Angptl4 levels [26] . Recently, Clement et al. [2] discovered that increases in circulating Angptl4 reduced proteinuria but at the cost of inducing hypertriglyceridemia. In our analysis p.T266M genotype was not associated with the occurrence of INS disease or clinical severity of the disorder. However, the C allele was more frequent [72 versus 54%] in patients who received IS drug medication instead of GCs only.
Recently, Okamoto et al. [7] identified an association between variants of glypican-5 (GPC5) gene and acquired NS (focal segmental glomerulosclerosis, proteinuric IgAnephropathy) through a genome wide association study and replication analysis. They showed that glypican-5 is localized on podocyte cell surface membranes and that the risk genotype (AA) of the GPC5 SNP rs16946160 was associated with higher expression. In our study, we observed an association Alasehirli et al. [8] found that, in nNOS gene polymorphism rs2682826, the TT genotype was associated with INS but not with GC responsiveness. NO attenuates many functions in the kidney and all forms of NOS are expressed in the kidney but the role of NO in renal disease is unclear. In our study, we did not find an association of rs2682826 genotypes with INS or with any clinical features of the disease.
Our results of the two cytokines, IL-13 and MIF, whose genetic variants have been associated with NS, were also negative. While Wei et al. [4] reported that 3 UTR SNPs International Journal of Nephrology 5 [6] found that the frequency of C allele was higher in Italian patients than in controls and higher in steroid resistant NS (SRNS) than in steroid sensitive NS (SSNS). Similarly, Berdeli et al. [5] found that GC genotype and C allele were higher in patients than in controls and CC genotype was more frequent in patients with SRNS than in those with SSNS. On the other hand, Choi et al. [22] did not see this association in Korean patients. Similarly, our study did not reveal any association between rs755622 SNP and INS or any of the clinical parameters. MDR-1 gene codes for a membranous P-gp, which is a multidrug transporter expressed in the proximal tubule cells. Certain SNPs in MDR1 gene are believed to affect the expression of the gene or activity of the protein it codes. The common SNP rs1045642 in exon 26 has garnered a lot of attention. It is synonymously variant and it has been suggested that it is not causal itself but linked with another polymorphism or has an effect on DNA structure or RNA stability [12] . Of the other two common SNPs included in this study rs2032582 does lead to amino acid change, Ala899Ser/Thr. This change could possibly increase the drug resistance of the cell [27, 28] . The data on the significance of these SNPs from different studies are contradictory. The distribution of rs2032582 genotypes was found to be significantly different in healthy controls compared to patients in Indian and Egyptian populations [11, 12] while studies in Polish and Korean subjects did not find the association [9, 22] .
We did not find any difference in the Finnish patients and controls in rs2032582 genotypes. Wasilewska et al. [9] , Jafar et al. [11] , and Youssef et al. [12] found an association between rs1045642 and NS (allele T and genotype TT were higher in patients) while Choi et al. [22] did not. All the subjects in these studies come from different populations; thus it is possible that the difference in results is due to genetic heterogeneity among populations. Youssef et al. [12] compared rs1045642 allele frequencies in their Egyptian control subjects and found that the frequencies (C 66.4%, T 33.6%) were consistent with frequencies previously reported in African populations but different from frequencies found in Caucasian, Asian, and Indian populations [11, 29] . In our study, these frequencies were nearly the opposite (C 37.2%, T 62.8%) of those determined by Youssef et al. [12] . This may affect the association between rs1045642 genotypes and NS that was observed in Egyptian population but not in Finnish population. Also, in our study population, MDR1 SNP rs1045642 CC genotype showed association with higher age of onset (20 versus 0%). Youssef et al. reported similar association for SNPS rs2032582 as well as rs1045642. Other studies did not show this association [9, 22] .
In our study, all three MDR1 SNPs showed association with treatment choices, T allele and TT genotype being more common in patients who needed IS drugs compared to those who were only medicated with GCs, which indicates that T and TT are associated with more complicated form of the disease. Surprisingly, only rs1045642 showed significant association between genotype distribution and GC responsiveness (T allele was more frequent in poor responders), although it must be noted that only ten of our patients were not responsive to GCs; this small cohort size may affect these results.
We carried out haplotype analysis of the three MDR1 variants. In previous studies, Wasilewska et al. [9] reported significant association of haplotype frequencies with steroid International Journal of Nephrology (48) 32 (48) 5 (38) 21 (50) 16 (41) TT 7 (13) 3 (12) 8 (20) 4 (10) 2 (13) 10 (15) 10 (15) 2 (15) 9 (21) 3 ( 5 (20) 4 (10) 7 (18) 5 (31) 6 (9) 9 (13) 2 (15) 4 (10) 7 ( 5 (10) 4 (5) 7 (9) 5 (16) 6 (5) 9 (7) 2 (8) 4 (5) 7 ( (54) 33 (49) 9 (69) 21 (50) 21 (54) AA 9 (17) 3 (12) 7 (17) 5 (13) 2 (13) 11 (17) 10 (15) 2 (15) 6 (14) 7 ( (32) 23 (34) 5 (38) 14 (33) 14 (36) CC 3 (6) 1 (4) 2 (5) 2 (5) 0 (0) 4 (6) 4 (6) 0 (0) 3 (7) 1 ( (20) 17 (21) 18 (23) 7 (22) 29 (22) 31 (23) 5 (19) 20 (24) (43) 31 (46) 4 (31) 20 (48) 16 (41) TT 5 (10) 4 (16) 2 (5) 7 (18) 3 (19) 6 (9) 7 (10) 2 (15) 3 (7) 6 ( (38) 24 (29) 30 (38) 14 (44) 40 (31) 45 (34) 8 (31) 26 (31) 28 (36) 8
International Journal of Nephrology (21) 3 (23) 1.000
12 (29) 5 (17) 0.01 * CT 29 (56) 11 (44) 23 (56) 18 (45) 10 (63) 31 (48) 34 (51) 6 (46) 24 (57) 7 (24) TT 11 (21) 10 (40) 9 (22) 14 (35) 5 (31) 18 (28) 19 (28) 4 (31) 6 (14) 17 ( (49) 32 (48) 6 (46) 22 (53) (26) 20 (30) 4 (31) 6 (14) 18 ( 1 (6) 1 (2) 1 (1) 1 (8) 2 (5) 0 (0) GA 3 (6) 0 (0) 2 (5) 1 (3.5) 0 3 (5) 2 (3) 1 (8) 2 (5) 1 ( (62) 42 (51) 47 (59) 22 (69) 67 (52) 73 (54) 15 (58) 36 (43) 1 (1) 1 (3) 4 (3) 3 (3) 2 (8) 4 (5) 1 ( (44) 19 (46) 16 (39) 11 (69) 24 (37) 28 (42) 6 (46) 20 (48) 15 (38) TT 20 (38) 10 (40) 14 (34) 19 (46) 5 (31) 28 (43) 27 (40) 6 (46) 12 (29) (62) 47 (57) 54 (68) 21 (66) 80 (62) 82 (61) 18 (69) 44 (52) (54) 33 (49) 7 (54) 23 (55) 17 (44) TT 10 (19) 3 (12) 7 (17) 5 (13) 3 (19) 10 (15) 10 (15) 2 (15) 8 (19) 5 ( (17) 12 (18) 1 (8) 9 (21) (12) 13 (32) 5 (13) 5 (31) 13 (20) 13 (19) 5 (38) 12 (29) 6 ( response time. Similar association was observed by Choi et al. [22] and Youssef et al. [12] , although, interestingly, the major haplotype linked with this property varies between studies. Our study did not find this association and Cizmarikova et al. [30] reached similar conclusion. The two major haplotypes found in our study were TTT and CGC. These two were predominant in patient samples with combined allele frequency of 70%. The remaining 30% was distributed between eight other haplotypes, none of them reaching 10% frequency. In control patients TTT and CGC were also the most common haplotypes but the distribution was more diverse, as five haplotypes had higher than 10% frequency. Previous studies have also shown that TTT and CGC are prevalent haplotypes both in patients and in control subjects [9, 12, 22, 30] . Interestingly Choi et al. [22] and Youssef et al. [12] found haplotype TGC to have a frequency equal to TTT and CGC and have association to steroid responsiveness while Cizmarikova et al. [30] found the frequency of TGC to be under 3% in patients and in controls and have no association to any clinical attribute. Our results are similar to the latter study as TGC frequency reaches just 10% in control samples and 6.5% in patients. It is possible that the differences are caused by haplotype frequency differences between populations. NR3C1 codes for glucocorticoid receptor (GR) that can affect the regulation of many biological functions, including responsiveness to GC, and its functional variability may play a role in the therapeutic response to GC. In this study, we analyzed NR3C1 SNP rs41423247 and curiously found that patients with more than five relapses carried more frequently heterozygous GC genotype than those with less than five relapses (68 versus 33%). The amount of both CC and GG homozygotes was diminished in these frequent relapsers. The allele distribution between groups with over and under five relapses showed no difference. In some previous studies, G allele (especially as a part of the intron B three-SNP haplotype) has been associated with increased GC sensitivity [31, 32] while others could not confirm the association [14] . It is still unclear how our findings fit in with these studies. Similar increased portion of heterozygous genotype was seen in patients with severe course of the disease compared to those with milder course (63 versus 34%).
An interesting new gene in the context of INS is GLCCI1. Tantisira et al. [33] first showed that SNPs rs37973 and rs37972, which are in linkage disequilibrium, associated with poor responsiveness to GCs in asthmatic patients. Soon afterwards, Nishibori et al. [15] showed that Glcci1-protein is highly expressed in glomerular podocytes and its deficiency leads to proteinuria. Based on these findings, Cheong et al. [16] looked to see if these SNPs were playing a role in GC responsiveness in NS but could find no association. Similarly our results show no direct association between the alleles and/or genotypes of either SNP or GC responsiveness. However, while rs37972 showed no significant association with any clinical feature, the frequency of the rs37973 A allele was higher in patients with more than five relapses (70 versus 52%) and in patients who received IS drugs compared to those who received only GC medication (67 versus 50%). To our knowledge this association has not been looked into in other studies.
